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Composite ‘Strain Image’
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Experiment 1: Impact Quantification
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Strain Imaging Demonstration
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Strain Imaging Bottle Impact Test
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Strain Imaging Bottle Impact Test
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Reduction of Data:
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Recent Progress

Multi-axis fiber grating sensors may be used
to perform “strain 1maging’ localizing and
characterizing damage

Optical signal processing has been improved
to allow separation of in plane and out of
plane “strain 1maging’ signals

Evaluating & Applying new “‘strain imaging”
algorithms
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6 Sensors (Dual-Axis) as Cure Starts
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Cure & Process Verification Simulation e e
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Experiment 3: Blind Impacts A

Approved for public release; distribution unlimited 37



Sensor & Impact Layout on Bottle
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VImpact 1 Impact 2
5E 5B 6F B
X= 15 cm
X= 1 .8 m 1 5 I <«
Y= 1.0 cm
y= 1.8 ml ) 5C 6F A
Force: 7.75 ft-1bs Force: 23.2 ft-1bs

Physical Measurement: 286.58 °
13 cm Distance from Flange
60.5 cm Distance from 0 Degrees

Physical Measurement: 233.5°
26.8 cm Distance from Flange
49.3 cm from 0 Degrees

Approved for public release; distribution unlimited 39



Impact Forces

Impact

O o0 9 N n B~ W

_—
b= O

Force (ft-1bs)
7.75

23.2

24.3

24

23.8

15.2

15.5

15.5

4.71
dome-15.76
dome-16.77
10.62

Approved for public release; distribution unlimited 40



Impact 3

5B SE

Force: 24.3 ft-1bs

Physical Measurement: 222.6 °
15.0 cm Distance from Flange
47 cm Distance from 0 Degrees

Approved for public release; distribution unlimited

41



Impact 3

36+
344

32|

Position {Deqg.}

20 40 60 a0 100 120 140 160 180 200 220 240 280 230 300 320 3¢0 360

Force: 24.3 ft-lbs
15.0 cm Distance from Flange
47 cm Distance from 0 Degrees

Physical Measurement: 222.6 °

Approved for public release; distribution unlimited

42




Impact 4

Force: 24 ft-Ibs: Physical
Measurement: 108.9 °

18.2 cm Distance from Flange
23 cm Distance from 0 Degrees

Approved for public release; distribution unlimited

43



Impact 4

36

34—5
32—5
30—5
28—5

26

..........................................................................
g0 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Position {Deqg.)

Force: 24 ft-1bs
18.2 cm Distance from Flange
23 cm Distance from 0 Degrees

Physical Measurement: 108.9 °

Approved for public release; distribution unlimited 44



RESEARCH

Impact S

1D 2C

X1= 275 cm XZ_ 275 cm
1E- %" 2B

Force: 23.86 ft-1bs

Physical Measurement: 40.3 ©
18.0 cm Distance from Flange
8.5 cm Distance from 0 Degrees

Approved for public release; distribution unlimited 45



BLUEWROAD
RESEARCH

Impact S

S |y | oy S e Sy ey e
160 180 200 220 240 260 2380 300
Position (Deg.)

Physical Measurement: 40.3°

Approved for public release; distribution unlimited 46



RESEARCH

Comparing Strain Imaging
Results:

Approved for public release; distribution unlimited 47



Ultrasonic Baseline

Before Impact

Edge of cylinder
(connector end)

Edge of cylinder

0 deg 360 deg

Approved for public release; distribution unlimited 48



Eddy CUITeIlt Basellne (Before Impact)

Blue Road Bottle Axial EC scan First Impact "alpha"

T LT 3 "
K - WO TN W W

Edge of cylinder
g ot - a1 R (connector end)
o b
i
Teflon tubing to dome sensor .
Edge of cylinder
Blue Road Bottle Axial EC scan Before Impact "Tau" 8-11-04
Edge of cylinder

(connector end)

Edge of cylinder
0 deg 360 deg

Approved for public release; distribution unlimited 49



Ultrasonic, Impacts 1-6 GV oo
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Strain Imaging, Impacts 3-6
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Dynamic Strain Imaging Interface
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Dynamic Strain Imaging Concept
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Conclusions

Strain Imaging offers the following:

complementary to ultrasonic & eddy current NDE methods
‘On-demand’ monitoring capabilities

Rapid (<1/10™ the time of UT & EC) scanning

Ability to catalog/compare composite health history over
time

Real-time feedback during manufacturing (process cure +
FEA model verification)

Ability to differentiate transverse and axial damage to 10
microstrain & 3 microstrain, respectively

Locate damage in 8 out of 9 impacts to usually no greater
than 2 cm
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Future Work

>20-40 Hz - kHz dynamic strain

Wizard interface, allowing dynamic configuration
of any composite geometry

Label damage by type
Calibrated output values

Data viewable by multiple formats in real-time
(includes raw spectral format, strain values, FEA
export, etc.)

Manufacturing Process Cure/FEA Verification
Continue to build database of damage signatures

Hardware improvements 1n speed, size, &
resolution
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